Usutu virus (USUV), a mosquito-borne flavivirus closely related to West Nile virus,
| INTRODUC TI ON
Usutu virus (USUV) belongs to the mosquito-borne group within the genus Flavivirus, along with a series of highly relevant human pathogens, such as Japanese encephalitis virus (JEV), Yellow fever virus (YFV), Dengue virus (DENV), West Nile virus (WNV) and Zika virus (ZIKV) (Kuno, Chang, Tsuchiya, Karabatsos, & Cropp, 1998; Poidinger, Hall, & Mackenzie, 1996) . USUV was first discovered in South Africa in 1959, in a mosquito feeding mainly on birds (Culex neavei) (McIntosh, 1985; Williams, Simpson, Haddow, & Knight, 1964) . The first USUV outbreak outside Africa was observed in eastern Austria in 2001, causing a considerable mass-mortality of Eurasian blackbirds (Turdus merula) (Weissenböck et al., 2002) .
Comparison of the whole-genome sequences of the South African (SA Ar 1776) and the Austrian (Austria 2001) USUV strains revealed 97% nucleotide identity (Bakonyi, Gould, Kolodziejek, Weissenböck, & Nowotny, 2004) . A subsequent retrospective analysis of tissues collected from a series of dead wild birds in Italy in 1996, provided evidence that the virus already existed in Europe at least five years earlier (Weissenböck, Bakonyi, Rossi, Mani, & Nowotny, 2013) . More recently, a study on the evolutionary history of USUV suggested that the virus was repeatedly introduced into Europe from the African continent over the past 50 years (Engel et al., 2016) . However, following the outbreak in 2001, the virus apparently adapted to the new habitat, managed to overwinter and established a local transmission cycle between native bird and mosquito species (Weissenböck et al., 2003) . In 2002, only two birds of other species were positive for USUV [one house sparrow (Passer domesticus), and one blue tit (Cyanistes caeruleus)], suggesting that, although several species may be susceptible, very few develop fatal disease (Weissenböck et al., 2003) . Moreover, a dead bird surveillance programme executed in Austria from 2003 through 2005 revealed a significant reduction in USUV-related mortality. While more than half of the birds submitted in 2003 were positive, the proportion drastically declined to 5% and 4% during the subsequent two years, respectively, suggesting the development of herd immunity . This hypothesis was confirmed by serological screening, which revealed that the percentage of seropositive birds had indeed increased from below 10% in to above 50% in 2005 /2006 (Meister et al., 2008 ).
Nevertheless, USUV was able to invade many other European countries, including Hungary , Switzerland (Steinmetz et al., 2011) , Italy (Manarolla et al., 2010) , Spain (Bakonyi, Busquets, & Nowotny, 2014; Busquets, Alba, Allepuz, Aranda, & Ignacio Nunez, 2008) , Germany (Jost et al., 2011) , Greece (Chaintoutis et al., 2014) , the Czech Republic (Hubalek et al., 2014) , Belgium Garigliany et al., 2014) , France (Lecollinet et al., 2016) , the Netherlands (Rijks et al., 2016) and Croatia (Vilibic-Cavlek et al., 2019) . Furthermore, in the UK (Buckley et al., 2003) and Poland (Hubalek et al., 2008) serological indications for the presence of USUV were found. In Hungary, only local outbreaks and sporadic USUV cases were detected from 2005 through 2015; while in 2016, samples of 12 birds tested positive (Bakonyi, Erdelyi, et al., 2017; Bakonyi et al., 2007) . Similar to the situation in Hungary, no further cases were identified in Austria since 2006, until two blackbirds tested positive in autumn 2016 (Bakonyi, Erdelyi, et al., 2017) .
USUV is clustered into six to eight separate genetic lineages [Europe 1-3(5) and Africa 1-3] (Cadar et al., 2017; Engel et al., 2016; Gaibani & Rossini, 2017) . During the first years of USUV occurrence in Austria (Bakonyi et al., 2004; Chvala et al., 2007) , as well as in Hungary , the only lineage found was Europe 1. This changed in 2015/2016 with the first detections of USUV lineage Europe 2, which has since then become the prevalent lineage found across both countries (Bakonyi, Erdelyi, et al., 2017) . In 2016, USUV lineage Europe 2 was detected for the first time in a human blood donation in Austria, and in six donations in 2017 (Bakonyi, Jungbauer, et al., 2017) . In 2018, the number of human blood donors infected with USUV further increased to 18, including two donations infected with USUV lineage Africa 3 .
Moreover, USUV nucleic acid was found in several Culex pipiens and Aedes japonicus japonicus mosquitoes collected in affected areas in Austria (Camp, Kolodziejek, & Nowotny, 2019) . The goal of this study was to continuously monitor USUV infections of the Austrian and Hungarian wild bird populations within the two transmission seasons of 2017 and 2018.
| MATERIAL S AND ME THODS

| Samples
In Austria, no regular USUV monitoring programmes were conducted since 2006 (Bakonyi, Erdelyi, et al., 2017) . However, in 2017 and particularly in 2018, a high number of bird carcasses was submitted by veterinarians, avian research institutions, animal shelters, but predominantly concerned citizens. Altogether, 86 deceased birds of eight different species were collected, 27 in 2017 and 59 in 2018. Of them, 69 were Eurasian blackbirds (80.2%), five song thrushes (Turdus philomelos, 5.8%), four house sparrows (4.7%), two blue tits (2.3%), two bearded reedlings (Panurus biarmicus, 2.3%), two northern goshawks (Accipiter gentilis, 2.3%), one boreal owl (Aegolius funereus, 1.2%) and one amazon parrot (Amazona sp., 1.2%). All birds were submitted from June through November (three in June, two in July, 60 in August, 16
in September, four in October and one in November). From the 76 samples with known collection places, most were found in Vienna and surrounding Lower Austria (57.9%), followed by Styria (26.3%), Upper Austria (10.6%), Burgenland (2.6%) and Carinthia (2.6%).
In Hungary, a surveillance programme for passive monitoring of avian influenza cases in wild birds has been in place since 2006.
Within the scope of this programme, dead bird samples were also tested for flaviviruses, such as WNV and USUV (Bakonyi, Erdelyi, et al., 2017) . Altogether, birds of 67 different species were tested for USUV infection, 100 in 2017 and 153 in 2018. Of these birds, 38 were Eurasian blackbirds (15.0%), 33 greenfinches (Chloris chloris, 13.0%), 24 pheasants (Phasianus colchicus, 9.5%), 15 house sparrows (5.9%), seven Eurasian tree sparrows (Passer montanus, 2.8%), seven song thrushes (2.8%) and many other species in lower numbers (51.0%).
Samples were submitted throughout the year (seven in January, 13 in February, five in March, 10 in April, 13 in May, 17 in June, 33 in July, 62 in August, 47 in September, 21 in October, 20 in November and five in December). The collection places of 11 samples from 2017 were unknown. From the remaining 242 examined birds, most were collected in the county of Szabolcs-Szatmár-Bereg (20.7%), followed by Bács-Kiskun (19.8%), Győr-Moson-Sopron (11.6%), Pest (8.3%), Budapest (7.4%), Jász-Nagykun-Szolnok (7.0%), Fejér (5.8%), Hajdú-Bihar (5.0%), Somogy (2.9%), Zala (2.9%), Borsod-Abaúj-Zemplén (2.1%), Heves (1.7%), Komárom-Esztergom (1.2%), Veszprém (1.2%), Baranya (0.8%), Csongrád (0.8%), Békés (0.4%) and Nógrád (0.4%); from the counties of Tolna and Vas no birds were submitted.
| Map
To show the geographic distribution of USUV-positive cases detected in Austria in 2017 and 2018, a map was designed as described previously .
| Pathological investigations
Species and nutritional status of the animals were determined, assessing the fat storage reserves as well as the development of the pectoral musculature. All carcasses were necropsied, and a macroscopic examination of the inner organs was carried out. Depending on the degree of autolysis, various organ samples were taken for PCR examination (predominantly brain and spleen, in some cases heart, liver, kidney or lung). The phylogenetic tree was constructed based on a 690-nucleotide fragment of the NS5/3′UTR genomic region. In total, 53 sequences were included: 33 identified in this study and 20 from GenBank. The following representative sequences were chosen from GenBank: four of lineage Europe 1, five of Europe 2, four of Europe 3, three of Africa 2 and four of Africa 3. Africa 1 sequences were not included because of the large genetic distance. Of the 33 sequences described in this paper, 13 were generated from birds collected in 2017 (nine blackbirds from Austria, four blackbirds from Hungary), and 20 from birds collected in 2018 (13 blackbirds and six other birds from Austria, one blackbird from Hungary). Although USUV sequences could be determined for all but two Austrian birds, for the phylogenetic tree only representatives were chosen, which were either unique, or-if identical to others-were collected in a different area, at another time point, or obtained from different host species. Before the phylogenetic analysis, ClustalW multiple sequence alignments were conducted by using BioEdit Alignment Editor version 7.0.9.0. The phylogenetic tree was created with MEGA7 programme (Kumar, Stecher, & Tamura, 2016) , applying the neighbour-joining method and Tamura 3-parameter algorithm employing 1,000 replicates of bootstrap resampling analysis.
| Reverse transcription PCR, sequencing and phylogenetic analysis
| GenBank accession numbers
The 33 newly described NS5-partial USUV sequences are available in GenBank under the accession nos. MK598442-MK598474; corresponding sample names are listed in Tables S1 and S2.
| RE SULTS
| Samples
In Austria, altogether 67 out of 86 examined birds (77.9%) tested positive for USUV, 17 out of 27 in 2017 (63.0%) and 50 out of 59 in 2018 (84.7%). These infected birds belonged to five different species, predominantly Eurasian blackbirds (86.5%), followed by song thrushes (4.5%), house sparrows (3.0%), blue tits (3.0%) and bearded reedlings (3.0%). All USUV-positive birds were submitted during the transmission season of Culex pipiens, which seems to be the major vector transmitting USUV in Austria (Camp et al., 2019) Table 1 .
Details on all USUV-positive birds are provided in Tables S1 and S2.
| Pathological investigations
The nutritional status of Austrian birds ranged from bad to cachectic. A few birds showed signs of autolysis, so that only remnants of organs were available for investigations. The most prominent finding was a severely enlarged spleen. No further macroscopic changes were seen. In Hungary, USUV-infected birds were in good to moderate body condition, and they all showed signs of splenomegaly.
Moreover, varying degrees of hepatomegaly and liver congestion were found in four birds. Generally, the present pathological findings are in accordance with earlier reports Chvala, Kolodziejek, Nowotny, & Weissenböck, 2004 ). Usutu virus is generally clustered into six separate lineages (Europe 1-3 and Africa 1-3) (Engel et al., 2016) . In other studies, eight different USUV lineages have been proposed (Cadar et al., 2017; Gaibani & Rossini, 2017) . During the initial outbreak in 2001 and consecutive years in Austria (Bakonyi et al., 2004; , as well as during the first years of USUV occurrence in TA B L E 1 Overview of all birds that were tested for USUV in 2017 and 2018 in Austria and Hungary, listed according to species, collection year and country Hungary , the only lineage found was Europe 1. This changed in 2015 with the first detection of Europe 2, which has since then become the prevalent lineage found in Austria and Hungary (Bakonyi, Erdelyi, et al., 2017) . Our results clearly demonstrate that this lineage remains the dominant form of USUV in both countries. Except for one case, all USUV sequences obtained in this study cluster together with other Europe 2-sequences, independent of species, geographic region or time of collection (Figure 2) . A second lineage (Africa 3) was found only in one specimen from 2017 ( Figure 2) . Apart from its distribution across several African countries, this lineage was found in Europe for the first time in a blackbird in Germany in 2014 (Cadar et al., 2017) , in Culex pipiens mosquitoes in South France in 2015 and 2016 in a blackbird in Belgium and a great grey owl in the Netherlands (Cadar et al., 2017) .
| RT-PCR, sequencing and phylogenetic analysis
| D ISCUSS I ON
In Austria, lineage Africa 3 was also identified in two blood donations from 2018 . Interestingly, these donors live only 30 km north and 10 km east, respectively, from the place where the Africa 3-infected blackbird was found. Moreover, in an aviary in Vienna (only 21 km apart), there was an outbreak of USUV lineage Africa 3 in 2017, in which five out of eight non-native azure-winged magpies (Cyanopica cyanus) were found positive. These cases were not included in the present study, because they will be published separately (D. Thaller, unpub. data). However, as targeted entomological surveillance at specific sites proved to be very effective (Camp et al., 2019) , we suggest to trap potential vectors in this area during the upcoming transmission season.
In addition, it is imperative to keep the wild bird population under surveillance, especially migratory birds, which constitute a great reservoir and transport vehicle for zoonotic arboviruses (Michel et al., 2018; Nikolay, 2015) . Since the emergence of USUV in Europe, Eurasian blackbirds have been the primary species succumbing to the virus, being equally susceptible to all genetic lineages of USUV.
An overview of the differential USUV dynamics in Austria and Hungary since the initial outbreak in 2001 is shown in Figure 3 . Data of the years 2001 through 2016 were obtained from several publications (Bakonyi, Erdelyi, et al., 2017; Bakonyi et al., 2007; Chvala et al., 2007; Weissenböck et al., 2003 Weissenböck et al., , 2002 . Although sampling methods differed substantially, as active sampling was funded only during the first years after the initial outbreak in Austria, and routine sampling in Hungary is actually targeting avian influenza cases, a rough trend can be recognized. Moreover, the high number of bird carcasses submitted by the public in 2017 and 2018 clearly indicates a remarkable increase in bird mortality during this period of time.
Apparently, USUV infections follow a particular cycle, with a few years with a high level of virus circulation followed by several years of low circulation. To a large extent, this dynamics depends on host factors (such as abundance and herd immunity) (Bakonyi, Erdelyi, et al., 2017) , and weather conditions that primarily affect the vector population as well as the extrinsic incubation period (the time from virus intake until a mosquito becomes infectious) (Brugger & Rubel, 2009; Nikolay, 2015) . According to an epidemic model established to explain the dynamics of USUV in Austria, herd immunity decreases quickly after an epidemic episode, allowing for timely recurring outbreaks (Rubel et al., 2008) . Because temperature is one of the major factors determining the development of individual mosquitoes, as well as population size (Becker, 2008) , the frequency of epidemics predominantly depends on temperature (Rubel et al., 2008) . Other variables, such as flooding, seem to have a minor influence (Rubel et al., 2008) . Thus, USUV is mainly found in regions with a temperature of ≥30°C for more than 10 days per year, such as Vienna and surrounding Lower Austria (Brugger & Rubel, 2009 ). According to a recent risk evaluation for USUV circulation across Europe, also
Hungary is highly suitable for further virus propagation (Cheng et al., 2018) . Whether the number of cases will increase within the next few years remains to be seen. The peak of USUV infections in Austria in 2003 was probably caused by a remarkably hot summer in that
year (Rubel et al., 2008) . A simulation of the effect of climate change on USUV dynamics predicted only minor outbreaks thereafter until a major epidemic peak in 2019 (Brugger & Rubel, 2009 ). According to our results, this peak may have occurred already in 2018. Continued surveillance will reveal whether the highest level of USUV infections has yet to come. However, due to progressing global warming, it can be assumed that USUV outbreaks will be more frequent in the future and the virus will continue to spread across Europe. were obtained from several publications (Bakonyi, Erdelyi, et al., 2017; Chvala et al., 2007; Weissenböck et al., 2003 Weissenböck et al., , 2002 [Colour figure can be viewed at wileyonlinelibrary.com]
In humans, infections with USUV may cause a transient rash, but are mostly asymptomatic (Weissenböck, Chvala-Mannsberger, Bakonyi, & Nowotny, 2007) . Of all 25 blood donors that were found USUV-positive in Austria since 2016, only one reported a rash persisting for a few days after the donation (one of the donors infected with the Africa 3 lineage) Bakonyi, Jungbauer, et al., 2017) . For decades after the discovery of the virus, only two cases of human infection were reported, in 1981 in the Central African Republic and in 2004 in Burkina Faso (Nikolay, Diallo, Boye, & Sall, 2011) . Due to these rare instances, and because USUV was never associated with severe disease in animals or humans, it was not perceived as a potential threat to human health (Vazquez et al., 2011 (Vazquez et al., )-until 2009 , when the first cases of USUV-related encephalitis in immunocompromised patients were described in Italy, providing evidence that USUV is capable of triggering severe neurological symptoms (Cavrini et al., 2009; Pecorari et al., 2009) . Moreover, in 2016, a patient in France presented with acute USUV infection and possibly associated unilateral facial paralysis (Simonin et al., 2018) .
In contrast to USUV, WNV was detected in Europe already in the 1950s and has caused repeated outbreaks of severe neurological disease (Nikolay, 2015) , especially since the emergence (Bakonyi et al., 2006) and spread ) of a novel lineage 2 WNV.
However, USUV and WNV co-circulate in at least 10 European countries, including Austria and Hungary, infect a largely overlapping range of host species, and both viruses are transmitted primarily by Culex pipiens mosquitoes (Nikolay, 2015) . Moreover, these two flaviviruses are genetically closely related to each other and might induce immunological cross-reactions with yet unknown implications.
Because of their close genetic and antigenic relatedness, routine diagnostic tests are often not able to differentiate between USUV and WNV infections Bakonyi, Jungbauer, et al., 2017; Beck et al., 2013) . Therefore, healthcare professionals should be vigilant and consider the possibility of USUV infections, especially in cases of encephalitis (Cavrini et al., 2009; Pecorari et al., 2009 ) and in transfusion medicine Bakonyi, Jungbauer, et al., 2017; Domanovic et al., 2019) .
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